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(57) ABSTRACT

Provided by the present invention is a method for producing
a resist composition, especially a silicon-containing resist
underlayer film composition, with fewer film defects, the
composition used in immersion exposure, double patterning,
development by an organic solvent, and so forth. Specifically,
provided is a method for producing a resist composition to be
used for manufacturing a semiconductor device, wherein the
resist composition is filtered using a filter which filters
through 5 mg or less of an eluate per unit surface area (m?) in
an extraction using an organic solvent.

4 Claims, No Drawings
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METHOD FOR PRODUCING RESIST
COMPOSITION

FIELD OF THE INVENTION

The present invention relates to a method for producing a
resist composition which is used, in microfabrication when
manufacturing semiconductor devices and the like.

DESCRIPTION OF THE RELATED ART

As the LSI becomes highly integrated and achieves high-
speed processing, the pattern size has been miniaturized rap-
idly. Lithography technologies, such as adopting light
sources with shorter wavelength and correspondingly select-
ing adequate resist compositions, have contributed to accom-
plish fine patterning.

When the pattern is miniaturized (i.e. the pattern width is
reduced) with the thickness of the photoresist film
unchanged, the aspect ratio of the developed photoresist pat-
tern increases, resulting in a collapse of the pattern. Accord-
ingly, the thickness of'the photoresist film has been reduced in
accordance with the progress of photoresist pattern miniatur-
ization in order to keep the aspect ratio of the pattern within a
proper range.

The multilayer resist method is one of the methods to solve
such problems. In this method: a resistunderlayer film having
a different etching selectivity from that of the resist upper
layer film (photoresist film) intervenes between the upper
layer film and the substrate to be processed; a pattern is
formed on the resist upper layer film, and the pattern is trans-
ferred to the underlayer film by dry etching, using the upper
layer resist pattern as a dry etching mask; and this pattern is
further transferred to the substrate by dry etching, using the
underlayer film as a dry etching mask.

In recent years, a silicon-containing resist underlayer film
has been used as a resist underlayer film for the multilayer
resist method because it easily forms a film, has a different
etching selectivity from that of the resist upper layer film, and
consequently has superior processability. On the other hand,
the silicon-containing resist underlayer film composition has
a problem that it generates a deposit insoluble in a solvent
once a polymer contained therein undergoes a condensation
reaction in a pipe or a filter and increases the molecular
weight, which is a problem that conventional photoresists
such as silicon-uncontaining organic film compositions do
not have.

The above is a characteristic of a silicon-containing poly-
mer in the silicon-containing resist underlayer film composi-
tion. It is generally said that the deposited polymer is a silox-
ane gel, which is small enough to pass through a filter with a
pore diameter of even about 20 nm, attached to the discharge
pipe of the coating equipment which is used to form the
silicon-containing film. Accordingly the deposited polymer is
observed as a foreign body in the silicon-containing film
formed on a substrate for manufacturing a semiconductor
device. Under present circumstances, the only way to remove
the siloxane gel generated in a pipe or a filter is a filtration
using a filter. Thus, an effective means to suppress the gen-
eration of a siloxane gel from an eluate of the filter is eagerly
wanted.

Patent Document 1: Japanese Patent No. 4716037

SUMMARY OF THE INVENTION

The present invention was made in view of the situation
mentioned above. The object of the present invention is to

10

15

20

25

30

35

40

45

50

55

60

65

2

provide a method for producing a resist composition with
fewer film defects, the composition used in immersion expo-
sure, double patterning, development by an organic solvent,
and so forth.

To solve the problem mentioned above, the present inven-
tion provides a method for producing a resist composition to
be used for manufacturing a semiconductor device, wherein
the resist composition is filtered using a filter from which 5
mg or less of an eluate is eluted per unit surface area (m?) in
an extraction using an organic solvent.

A filtration with such a filter enables to produce a resist
composition which can provide a film with fewer film defects
when applied to a substrate.

The resist composition to be filtered is preferably a silicon-
containing resist underlayer film composition.

Forming a film with a silicon-containing resist underlayer
film composition enables a pattern transfer without defect
when transferring a photoresist pattern formed on an upper
layer to a silicon-containing resist underlayer film and then to
an organic underlayer film by dry etching.

The organic solvent preferably does not have a hydroxyl
group.

Using such an organic solvent enables to extract eluting
materials contained in the filter and to suppress the elution
from the filter during the production of a silicon-containing
film composition.

The filter used to filter the resist composition is preferably
formed of a material including at least one of nylon, polyeth-
ylene, polypropylene, and fluorocarbon.

The filter is made, for example, of fluorocarbon called
Teflon (registered trade name), hydrocarbons such as poly-
ethylene and polypropylene, and nylons.

As explained above, the resist composition, especially the
silicon-containing resist underlayer film composition, pro-
duced by the method of the present invention, can suppress
the generation of film defects when the composition is
applied to a substrate for manufacturing a semiconductor
device. This method enables a pattern transfer without defect
when transferring a photoresist pattern formed on an upper
layer film to a silicon-containing resist underlayer film and
then to an organic underlayer film by dry etching. Thus, the
method enables to increase manufacturing yield of a semi-
conductor device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereunder, the present invention will be explained in more
detail.

The inventors of the present invention have succeeded so
far in providing silicon-containing resist underlayer film
compositions such as shown in Patent Document 1 by carry-
ing out an extensive investigation on lithography character-
istics and stability of a silicon-containing resist underlayer
film composition.

However, semiconductor devices are even more miniatur-
ized, and therefore an upper layer resist pattern is also more
miniaturized. Thus, a silicon-containing resist underlayer
film prepared by spin coating is required to have fewer film
defects than before.

In this specification, a film defect means a tiny concavity
and convexity generated during the application of a resist
composition to a substrate for manufacturing a semiconduc-
tor device. The defect contained in a resist film, especially in
a silicon-containing resist underlayer film, affects the pattern
in the resist upper layer film, often causing a pattern defect.
This pattern defect, when transferred by dry etching to a
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substrate of a semiconductor device, brings about electric
problems in a semiconductor device circuit such as an open
circuit and a short circuit. This is one of the causes of lower
yield of a semiconductor device.

With this background, the inventors carried out an investi-
gation to reduce such a defect, consequently found that using
a filter from which a smaller amount of an eluate is eluted
during the production of a conventional silicon-containing
resist underlayer film composition enables to produce a sili-
con-containing resist underlayer film composition capable of
providing a film with fewer film defects when applied to a
substrate, and completed the present invention on the basis of
this finding.

The present invention is a method for producing a resist
composition to be used for manufacturing a semiconductor
device, wherein the resist composition is filtered using a filter
from which 5 mg or less of an eluate is eluted per unit surface
area (m?) in an extraction using an organic solvent.

Hereunder, detailed embodiments of the present invention
are shown; however, the present invention is not restricted
thereto.

The present invention enables to form a silicon-containing
film with fewer film defects by using a filter from which a
smaller amount of an eluate comprised mainly of hydrocar-
bons is eluted, and thereby suppressing the generation of a
siloxane gel in the filter.

The said filter is more effective when the weight of an
eluate per unit surface area (m?) of the filter is smaller. How-
ever, actually it is impossible to provide a filter from which no
eluate is eluted. Practically, the weight of an eluate per unit
surface area (m?) of the filter is preferably 5 mg or less.

Ordinarily known organic solvents may be used for the
extraction. The organic solvent may be, for example: alcohols
such as methanol, ethanol, propanol, butanol, methoxy etha-
nol, butoxy ethanol, methoxy propanol, and ethoxy propanol;
ketones such as acetone, methyl ethyl ketone, and cyclohex-
anone; ethers such as tetrahydrofuran, dioxane, ethylene gly-
col dimethyl ether, and diethylene glycol dimethyl ether;
esters such as ethyl acetate, butyl acetate, ethyl lactate, ethyl
cellosolve acetate, propylene glycol methyl ether acetate, and
y-butyrolactone; aromatic hydrocarbons such as benzene,
toluene, and xylene; and chlorinated hydrocarbons such as
dichloromethane, dichloroethane, dichloroethylene, and
trichloroethylene.

Among these organic solvents, an organic solvent not con-
taining a hydroxyl group is more preferable. Such an organic
solvent enables to extract eluting materials comprised mainly
of hydrocarbons contained in the filter, and to suppress
defects caused by the eluate from the filter during the produc-
tion of the silicon-containing film composition.

Although there is no particular restriction as to the silicon-
containing film composition to be used, compositions such as
shown in Patent Document 1 are preferable.

As a material of a filter, materials such as fluorocarbons,
celluloses, nylons, polyesters, hydrocarbons are known. As a
material of the filter used to filter the resist composition,
materials such as a fluorocarbon called Teflon (registered
trade name), hydrocarbons such as polyethylene and polypro-
pylene, and nylons are known.

There may be several causes for the generation of an eluate.
The materials forming film pores may be a cause, or in the
cases of polyethylene and polypropylene filters, the low-
molecular-weight by-products of the polymerization when
producing the filters may be a cause. It is thought that such an
eluate generated from the filter during a filtration act on a
highly hydrophilic silanol group in a siloxane polymer,
change the state of solvation around the silanol group and
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thereby cause condensation between the silanol groups,
which eventually leads to the formation of a siloxane gel. Itis
difficult to remove this siloxane gel by the filter because it is
originated inside the filter and therefore have a smaller size
than the micropores of the filter, enabling the siloxan gel to
easily pass through the filter. When a composition containing
this gel is applied to e.g. a substrate, a concavity and a con-
vexity may be formed around this siloxane gel on the film.
This concavity and convexity may be observed as film
defects.

The present invention enables to obtain a film with fewer
film defects by filtering a composition using the above
described filter from which 5 mg or less of an eluate is eluted
per unit surface area (m?) in an extraction using an organic
solvent.

EXAMPLE

Hereunder, the present invention will be explained more
specifically by showing Example and Comparative Example,
but it is not restricted thereto.

Example 1

A 5 nm polyethylene filter (area of 1.1 m? manufactured
by Entegris, Inc.) was cleaned by 20 L of circulating propy-
lene glycol ethyl ether, and this cleaning solvent was dis-
carded. This operation was repeated for 10 times to clean the
filter. This filter was put into circulating toluene, having a
temperature of 50° C., for 5 hours. The toluene solution
thereby obtained was concentrated, and the amount of hydro-
carbons contained therein was analyzed by GC-MS. As the
result, 2 mg of hydrocarbons having 10 to 40 carbon atoms
were detected.

Using the same filter cleaned by the above process in a
circulation filtration, the silicon-containing resist underlayer
film composition SHB-A94 (manufactured by Shin-Etsu
Chemical Co. Ltd.) was prepared. This composition was
applied to a substrate by spin coating using Clean Track ACT
12 (manufactured by Tokyo Electron Ltd.), and then baked at
240° C. to form a film. Film defects of this film were mea-
sured using the bright field defect detecting instrument
(manufactured by KLA-Tencor Corp.). The number of the
film defects having sizes 0f'0.12 pm or more is shown in Table
1.

Comparative Example 1

A 5 nm polyethylene filter (area of 1.1 m*, manufactured
by Entegris, Inc.) was put into circulating toluene, having a
temperature of 50° C., for 5 hours. The toluene solution
thereby obtained was concentrated, and the amount of hydro-
carbons contained therein was analyzed by GC-MS. As the
result, 8 mg of hydrocarbons were detected.

Using the same filter cleaned by the above process in
circulation filtration, the silicon-containing resist underlayer
film composition SHD-A94 (manufactured by Shin-Etsu
Chemical Co. Ltd.) was prepared. This composition was
applied to a substrate by spin coating using Clean Track ACT
12 (manufactured by Tokyo Electron Ltd.), and then baked at
240° C. to form a film. Film defects of this film were mea-
sured using the bright field defect detecting instrument
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(manufactured by KLLA-Tencor Corp.). The number of the
film defects having sizes 0of' 0.12 pm or more is shown in Table
1.

TABLE 1
Amount of Number of-film
hydrocarbons defects
Example 1 2mg 40
Comparative 8 mg 160
Example 1

It can be seen from Table 1 that the number of the film
defects is smaller when the filter from which 5 mg or less of
an eluate is eluted was used.

It must be noted here that the present invention is not
limited to the embodiments as described above. The forego-
ing embodiments are mere examples; any form having sub-
stantially the same composition as the technical concept of
the claims and showing similar effects is included in the
technical scope of the present invention.
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What is claimed is:

1. A method for filtering a silicon-containing resist under-
layer film-forming composition to be used for manufacturing
a semiconductor device, wherein the silicon-containing resist
underlayer film-forming composition is filtered using a filter
from which 5 mg or less of an eluate is eluted per unit surface
area (m?) in an extraction using an organic solvent.

2. The method for producing a resist composition accord-
ing to claim 1, wherein the organic solvent does not have a
hydroxyl group.

3. The method for producing a resist composition accord-
ing to claim 1, wherein the filter is formed of a material
including at least one of nylon, polyethylene, polypropylene,
and fluorocarbon.

4. The method for producing a resist composition accord-
ing to claim 2, wherein the filter is formed of a material
including at least one of nylon, polyethylene, polypropylene,
and fluorocarbon.



